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The invention relates to tunnel boring machines and 
has for one of its objects to improve the speed and ease 
of operation of such machines, at least when boring 
through some kinds of materials, such as London blue 
clay. 
The invention provides a tunnel boring machine com 

prising a rotatable cutting head having one or more 
cutting members operable on the tunnel face and arranged 
to divert the cuttings rearwardly as they are produced 
and an annular series of inwardly facing buckets around 
the head immediately behind the cutting member or mem 
bers, the buckets being arranged to receive the cuttings 
as they fall from the cutting member or members, to 
convey the cuttings upwardly to a discharge station and 
there to discharge the cuttings downwardly. 
The head will usually be rotatable about the axis of 

the tunnel but this is not necessarily so. It may, for 
example, be rotatable about an axis which is offset to a 
Small extent from the tunnel axis. 

Preferably, the cutting member, or each such member, 
Provides an elongated cutting edge which extends radially 
or in a direction with a substantial radial component. 
The edge, or one or more of them, may extend from near 
the axis of rotation of the head to the periphery of the 
head, or two or more edges may do so collectively. The 
edge or edges may have a positive angle of rake relative 
to the plane of rotation and they may also have a positive 
clearance angle. The angles may be made adjustable. 

It is also preferred that the machine has a rearwardly 
extending conveyor beneath the discharge station for the 
reception and removal of the cutting as they are dis 
charged from the buckets. 
The cutting head may have a pointed centre or stinger 

on the axis and the centre may have radial cutter blades 
Totatable with the head to remove any core left by the 
cutting edges or other members aforesaid. 
The machine may have means for feeding the cutting 

members into the tunnel face. These means may react 
against a lining for the tunnel as it is built behind the 
Inachine or against a special reaction device as later 
described. There may, for example, be a frame which 
carries the head for rotation and which embodies means 
(e.g. including a Greathead shield) for supporting the 
frame from the tunnel walls, means for advancing the 
frame and the head as cutting progresses thereby to feed 
the cutting members into the cutting face and means for 
moving the head rearwardly relative to the frame, 
whereby the head may be withdrawn from the face e.g. 
to clear an obstruction. The conveyor, when provided, 
may be coupled to the head for movement therewith, 
The machine may include a Greathead shield extend 

ing iearwardly from the head and, preferably surround 
ing or partly surrounding the head at the front end of 
the shield. In order that the tunnel may be sufficiently 
large to receive the shield as it is advanced, the head 
may have one or more cutters projecting from its circum 
ference and arranged to enlarge the bore around the head. 
for the reception of the shield. These cutters may be 
constructed to feed their cuttings inwardly through the 
head into the buckets. In one construction embodying 
this feature the cutter or one or more of then when 
there are several is given a cyclic in and out movement 
(e.g. once per revolution) in order to enlarge the radius 
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of the upper and/or other selected portion of the bore 
so as to provide clearance around the shield. 
The invention also provides a tunnel boring machine 

having a cutting head, releasable means for making hold 
ing engagement with the tunnel walls behind the head, 
means for advancing the head along the tunnel relative 
to the holding means when in holding engagement and 
reacting against said means and means for advancing the 
holding means, when released, towards the head. The 
holding means may, for example, be expandable into 
frictional holding engagement with the tunnel walls. The 
head may be constructed as described above and it may 
have a co-operating shield. 
A specific construction of a machine according to the 

invention, and a modified form of the machine, will now 
be described, by way of example, and with reference to 
the accompanying drawings in which: 
FIGURE 1 is a sectional elevation showing the machine 

within a tunnel, 
FIGURE 2 is a sectional plan of the machine, 
FIGURE 3 is a view in the direction 3-3 in FIG 

URE 1, 
FIGURE 4 is a section on the line 4-4 in FIGURE 1, 
FIGURE 5 is a section on the line 5-5 in FIGURE 1, 
FIGURE 6 is a section on the line 6-6 in FIGURE I, 
FIGURE 7 is a section on the line 7-7 in FIGURE 1, 
FIGURE 8 is a view in the direction 8-8 in FIG 

URE 1. 
FIGURE 9 is a sectional view of the cutting head show 

ing one of the projecting peripheral cutters, 
FIGURE O is a section on the line 6-6 in FIGURE 

9 and shows one of the radial cutting blades, 
FIGURE 11 is a view, corresponding to FIGURE 1, 

showing the modified machine, 
FIGURE 12 is an end view of an expanding reaction 

member used in the machine shown in FIGURE 11, and 
FIGURE 13 is a view in the direction 3-3 in 

FIGURE 12. 
The machine forming the subject of this example is 

intended for boring tunnels in various types of ground 
including clay. 
The machine comprises a cutting head 28 which is 

carried for rotation by a shaft 25 supported in bearings 
in a casing 22. The head 28 is fabricated from H-section 
members and steel plate. It comprises four H-members 
24 radiating from a central hub 25 and an outer annulus 
26 of sheet material. Secured to the leading edges (con 
sidered in relation to the direction of rotation of the 
head) of the members 24 there are sector piates 28 at 
the front of the head. These plates are also welded 
around the annulus 26. The front or leading radial edges 
of the plates 23 are stiffened by angles 29, 38 and are 
also connected to the preceding members 24 by gusset 
plates 31. The drawings show two such gusset plates 
at each position but more may be provided if desired and 
they may be spaced at intervals over the whole radial 
length of each member 24. The gusset plates support, by 
angle portions 3a (FIGURE 10), radial cutting blades 
34. The blades have positive angies of rake and ciear 
ance in relation to the piane of rotation, the angles being 
adjustable by means of packing pieces 35 of varying 
shapes. As shown in FiGURE 3 there are two blades 
near the periphery alternating with two blades near the 
centre but, if desired, all the blades may extend from near 
the centre to the periphery. The head is open behind 
the blades and piates 23. 
The inner or rear edge of the annulus 26 is turned in 

wardly as shown at 26a, so as to form an annular trough. 
The trough is divided into an annuiar series of buckets 
by partitions 36. in use the material cut by blades 34 
as the head rotates is diverted rearwardly by the rake of 
the blades and falls into the buckets. It is then elevated 



3. 
by the buckets and discharged into a rubber chute or 
opper 39 which delivers it onto a belt conveyor 38. 
The conveyor delivers the material into trucks or skips 
43. The rear end of the conveyor may be Supported from 
the tunnel wall by a prop, not shown. The partitions 36 
may be shaped to ensure that the buckets do not dis 
harge until they are positioned to deliver into the chute 

39. The trucks may be replaced by a second conveyor, 
if desired. 
The front end of the shaft 21 is formed as a conical 

centre or stinger 2ía and in order to cut out the centre or 
core of the tunnel face the stinger may be provided with 
short radial cutter blades (not shown). 

Projecting from the periphery of the head there are 
four cutters 43 of angle section. These cutterS serve to 
enlarge the bore around the head for the passage of the 
shield, later described. Tine cuttings pass along the angles 
into the interior of the head (i.e. into the buckets). 
The cutters 4G may project by an adjustably fixed 

aimount or one or more of thern Inay niove in and out 
cyclically during rotation thereby to enlarge certain parts 
of the bore to a greater extent than others. Thus they 
may be arranged to enlarge the upper part of the bore to 
a greater extent than the lower and so to reduce the re 
sistance to ovement of tile machine and to facilitate 
changes in the direction of advance of the machine. 
FGURES9 and iO show a construction by which such in 
and out y.ovements may be effected. The cutter 49 is 
ecured to a rod 47 guided for radial movement. At the 
inner end of the rod there is a belicrank lever 42 pivoted 
to the head frame and having a bolt 43 engageable with 
the rod 47 and a roller 44 running on a fixed can 45. 
The can is arranged to project the cutter 40 around the 
upper 180° of rotation of the head further than it pro 
jects during the lower part. A spring 46 effects the in 
ward movements of the cutter. 

Behind and partly surrounding the head there is a 
shield 58 having a stiffened eading edge 58a. Within the 

5 

0. 

15 

20 

30 

35 

shield there is secured a framework. 52 providing a dia- . 
metrical platform 53 on which are mounted the driving 
means for the head and other ancillary equipment in 
cluding a hydraulic pump and motor and a driving motor 
for the conveyor. The casing 22 carrying the cutting head 
is mounted for fore and aft sliding movement on the front 
end 54 of a beam forming a part of the framework and 
a double-acting hydraulic ran 55 is provided for effecting 
such sliding movements. In operation the head is main 
tained at the forward end of its travel so that it may be 
withdrawn to the position shown, should it be required to 
clear an obstruction or for any other reason, Slich as 
starting up the rotary head in a free condition to reiieve 
the notor of extensive load. To permit such movement 
the rear end of shaft 2 is of square section and is slidable 
in a driving gear 56 for rotating the shaft. The conveyor 
moves with the cutter head. 

Rotation of the head is effected by an electric motor 66 
which is coupled through a fluid coupling 61 to a reduc 
tion gear 62 which in turn drives shaft 2:. 
To prevent rotation of the shield in the tunnel by the 

reaction of the driving motor the shield has external on 
gittidinal fins (not shown) which bite into the tuninel 
wai is should the machine during the course of its advance 
ment through the tunnel develop a roll about its longi 
tudinal axis, these fins can be withdrawn and replaced by 
fins having a slight inclination to the axis in Such a direc 
tion as to correct the roll. When after a short distance 
the machine is back to its true horizontal condition, the 
inclied fins can be reinoved and replaced once more by 
the normal longitudinal fins. 

Within the shield there are eight double-acting hydraulic 
rains 54 spaced around the circumference of the shield. 
These rains are anchored at their front ends to the shield 
and at their rear ends they have feet 65 for engagement 
with the ends, for the time being, of the tunnel lining 66. 
The rains operate, by reaction against the lining to ad 
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vance the machine as cutting proceeds. When they have 
2en fully extended they are withdrawn to permit insei 

tion of a further ring of lining segments. The rams inay 
be extended individually to enable the direction of ad 
vance to be controiled. 
iiGURES 11 and 13 show a modified construction of 

the machine which incorporates a device which enables 
the use of the tunnel lining as the reaction member for 
rams 64 to be avoided, as may be desirable, for example, 
when the ining is cast in situ. This device consists of 
a two part liner 7{2, 75 for the tunnel. Between the two 
parts there are hydraulic rams 72 by which the two parts 
may be forced apart into frictional engagement with the 
tunnel wallis 74. At one end the liner has brackets 73 
to which the feet 65 may be secured. In use the device 
is erected in the tunnel behind the shield and in front 
of the tunnel lining. To advance the shield, the device 
is expanded and then serves as a reaction member for 
rams 64. When these rams have been fully extended, 
the rams 72 are retracted which releases the grip on the 
tunnel and the device is drawn forward by means of 
ran is 64 ready for the next operation. 

it is an advantage of the machine as described above 
that the space beneath the platforms is comparatively 
free and permits access to the head to be obtained. 
The machine may incorporate various modifications 

and refinements. For instance the cutting blades may 
have teeth or serrations on their edges. An interlock 
may be provided between the controls for the rains 64 
and tie rain 55 to ensure that the machine cannot be 
advanced by rams 64 unless the head is in its forward 
position. 
We claim: 
1. A tunnel boring machine comprising an annular non 

rotating shield, a head located at one end of said shield, 
an annulus coaxial with and fixedly carried by the head, 
said annulus defining the peripheral extremity of the 
outer face of the head, said annulus providing a channel 
section facing inwardly of said annulus for receiving 
cuttings, means supported on the shield for rotating the 
head relative to the shield about the common axis thereof, 
tunnel face cutting blades operatively disposed at the 
outer end face of the head, tunnel wall-cutting blades 
radially slidably mounted on the head and projecting 
through and beyond the periphery of said annulus, and 
operating means mounted on the head for moving the 
wall-cutting blades radially inwardly and outwardly 
cyclically during each revolution of the head in timed 
relation with the rotation of the head. 

2. A tunnel boring machine as claimed in claim 1 
wherein the mouth of the channel section faces said 
axis and has partitions which divide the annulus into a 
circumferentially continuous series of buckets, and means 
Supported on the shield for receiving cuttings discharged 
from the said buckets. 

3. A tunnel boring machine as claimed in claim 1 
wherein said operating means includes a can follower 
associated with each wall-cutting blade, and a fixed cam 
track for said follower mounted on the shield to effect 
the cyclical movement of each wall-cutting blade. 

4. A tunnel boring machine comprising an annular 
non-rotating shieid, a head adjacent one end of and 
coaxial with the shield, an annulus fixedly mounted on 
and coaxial with the head, said annulus defining the pe 
ripheral extremity of the outer face of the head, said 
annulus providing a channel section facing inwardly of 
said annulus for receiving cuttings, means carried by the 
shield for rotating the head relative to the shield about 
a common axis, said head comprising a frame supported 
on the shield, tunnel face cutting blades on the advancing 
face of the frame, peripheral tunnel wall-cutting blades 
projecting through and beyond the periphery of said 
annulus, means nounting said peripheral wall-cutting 
blades for radial sliding movement on the head, and 
operating meais mounted on the head operable at least 
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once during each revolution of the head for moving 
the peripheral tunnel wall-cutting blades radially out 
wardly into cutting engagement with the tunnel wall 
around a predetermined arcuate portion thereof and then 
withdrawing the blades radially inwardly, the said por 
tions being the same for each revolution of the annulus. 
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